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Optically Thin Disk, Hole or Gap

Temperature Inversion in 
Optically Thick Disk

Absorption by Outer Disk

Emission Lines Absorption Lines

Optically Thick,  High Macc    e.g.,  FU Ori object
.
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G�É�É�Ð�ÖAHIÊ^Ì[Ê�@gË�<eÒ?Ê�H�G:É�G=H[â?Ê�H�Ò?Ê�H[Ë[Î�Ø�G=É�Ø�<?É�ÚQÔ�@ÛË[>QG=@Æê � ��áQÍ,Î�Ë[>(ê � � Ó�<?ÚA@QÏ×GeË�É�G�HIâ=Ê^H
Ï`Ê�Ö`ËI>QÌ�G�@QÏ�É�<eÍ�Ê^H"Ë[Ê^Ô.Ö
Ê^HIG�Ë[ÚAHIÊ^Ì/Î�@�ËI>AÊ�ÏAÎ�Ì[Ù(G�Ë[Ô.<?Ì[ÖA>AÊ^H[Ê?C�î5>AÊ�G=ÏAÏAÎ�ËIÎ�<?@�<�Ó�Ì[<=Ô.Ê
@A<=@`ß�Ê^ògÚAÎ�É�Î�ÑAHIÎ�ÚAÔ â=HUG�Î�@Æ<?ÖQG=Ø�Î�ËYÐ�ËI<�Ë[>AÊ¢ê�� �óÉ�Î�@AÊ.Ó�<=HIÔ¢GeËIÎ�<?@ÆHIÊ�â=Î�<=@
Ì�Ø�<=ÚAÉ�ÏÆÓ�ÚAHaËI>AÊ�H
H[ÊNÏ`ÚQØ�Ê�ËI>AÊ4ê��� Ê^Ô�Î�ÌIÌaÎ�<=@�ÌYËIH[Ê^@Aâ�ËI>QÌ^C

î5>AÎ�Ì�Ê�äAG=Ô�ÖQÉ�Ê�>AÎ�â?>AÉ�Î�â?>?ËUÌ�Ë[>AÊ�ÖAHI<?Ì[Ö
ÊNØMËIÌ/Ó�<=H.ÌaË[ÚQÏ`Ð�Î�@Aâ×ØU>QÊ�Ô.Î�ÌaË[HIÐ�Î�@�Ë[>AÊ�Î�@A@AÊ�H
H[Ê^â=Î�<=@QÌ�<�Ó+ÖAH[<=Ë[<?ÖAÉ�G=@AÊ�ËUG�HIÐ�ÏAÎ�Ì[Ù`Ì�Ú
ÌaÎ�@Aâ.Î�@AÓ�HIG=H[ÊNÏ:Ô.<=É�Ê^Ø�ÚAÉ�G=H*Ì[ÖFÊ^ØMËIH[<gÌ[Ø�<=Ö�Ð=C�ê$<eÍ*Ê�Ò?Ê�HNá
Ë[>AÊ�G�ÑF<eÒ=Ê4Ø�GsÒ?Ê^G�ËIÌ,G�É�Ì[<¢Ô.G=Ù=Ê4Î�Ë�Ø�É�ÊNG�H$ËI>QGeË�ÖA>�Ð�Ì[Î�Ø�G�É�Ô.<�ÏAÊ�É�Ì$Í,>AÎ�ØU>ÛØ�G=É�Ø�ÚAÉ�G�Ë[Ê4ÑF<�ËI>
Ë[>AÊ.HUG=Ï`Î�G�É�G�@QÏ×Ò=Ê^HaËIÎ�Ø^G�É�ÌYËIH[Ú
ØMË[ÚQH[Ê�<�Ó�Ë[>AÊ¢GeËIÔ.<?Ì[ÖA>AÊ�HIÊ/Ô¢GsÐ3ÑFÊ.@AÊ�ÊNÏ`Ê^Ï×Î�@(<=HUÏ`Ê^H�ËI<
Ø�<=@�Ò?Ê�H[Ë*<?ÑQÌaÊ^H[Ò?Ê^Ï�ÌaÖFÊ^Ø�Ë[HUG�Î�@gË[<.HIÊ�É�GeË[Î�Ò=Ê"G=ÑAÚA@QÏAG=@QØ�ÊNÌ�C
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� � ���$¬�§�«�� ��� §�¨���� �	� ®�
�
�®YªS§

î5>AÊ�E �éÔ.<=É�Ê^Ø�ÚAÉ�Ê�>QG=Ì/Î�ËUÌ4Ó�ÚQ@QÏAG�Ô.Ê^@?ËUG�É*H[<=ß�Ò�Î�ÑAHUGeË[Î�<=@
G�É!ÑQG=@QÏAÌ4@QÊ^G�H �QC  "!DÔ�C+î5>QÊ
Ó�ÚA@QÏAG=Ô�Ê^@gËIG�É�ÑQG�@
ÏAÌ$G�HIÊ4Ì[Ê�@QÌ[Î�ËIÎ�Ò?Ê´Ë[<.Ó�G=H�ÌaÔ¢G=É�É�Ê�H�G=Ô.<=ÚA@gËIÌ5<=Ó!â?G=Ì*ËI>QG�@�ËI>AÊ �AC �#!DÔ
<eÒ=Ê�H[Ë[<?@AÊ/Ñ
G�@QÏAÌ^á�ÑFÊ^Ø^G�ÚQÌ[Ê�Ë[>AÊ�Ë[HUG�@
ÌaÎ�Ë[Î�<=@QÌ´ÖQH[<?ÑQG�ÑAÎ�É�Î�ËIÎ�ÊNÌ�G=H[Ê�ö ��<?HIÏAÊ�HUÌ�<=Ó�Ô¢G�â?@AÎ�ß
Ë[ÚQÏ`Ê�â=HIÊ^G�Ë[Ê�HNC�åV@�G?ÏAÏ`Î�Ë[Î�<=@�áAE �1Ó�ÚA@QÏAG=Ô.Ê�@gËIG=É
Ê^Ô�Î�ÌIÌaÎ�<=@:Ø^G�@¢ÑFÊ�Ê�äAØ�Î�ËIÊ^Ï¢Î�@�Ø�<�<?É�Ê^H�â?G?Ì
Ë[>QG=@�ËI>AÊ4<eÒ?Ê�H[Ë[<=@QÊ=á`ÌaÎ�@QØ�Ê4Ê�Ô.Î�Ì[Ì[Î�<?@�Ø^G�@�<=HIÎ�â=Î�@QGeËIÊ�Ó�HI<=ÔéË[>AÊ/É�<eÍ*Ê�HNágôQHIÌaË$Ò�Î�ÑQHIG�Ë[Î�<=@QG=É
É�Ê^Ò=Ê�É�C�E �óÓ�ÚA@QÏAG=Ô�Ê^@gËIG�ÉSÊ�Ô.Î�ÌIÌ[Î�<?@×Î�Ì"Ï`Ê�ËIÊ^Ø�Ë[Ê^Ï�Î�@�Ñ
<=Ë[>�E*î,î$B`Ì 
�æ^çQá ��� �SG=@QÏ(Î�@gËIÊ�H[ß
Ô�ÊNÏ`Î�GeË[Ê�Ô.G?Ì[Ì/ê$Ê�HIÑAÎ�âÆ÷$Ê%$��*Ê:ÌaËIG�HUÌ 
 �Aá�����C =�Î�@AÊNÌ´Ó�H[<?Ô ËI>AÊ�Ò'&�æ�ß�ç�G�@
Ï �sßUæ�Ñ
G�@QÏAÌ
G�HIÊ�Ø�<=Ô.Ô.<=@AÉ�Ð¢<=ÑQÌ[Ê�HIÒ=ÊNÏDá�G�@QÏ�>AÎ�â=>AÊ^H*Ò�Î�ÑAHUGeË[Î�<=@
G�ÉFË[HUG�@QÌ[Î�Ë[Î�<=@QÌ5G�@
Ï)(+*NE � É�Î�@AÊ^Ì5>QGsÒ?Ê
G�É�Ìa<�Ñ
Ê^Ê�@�ÏAÊ�Ë[ÊNØMËIÊ^Ï:Î�@�Ì[<=Ô.Ê�ÌYËUG�HUÌ�C �!äAØ�Î�ËIG�Ë[Î�<=@:Ñ�Ð¢ø�� HUG=Ï`Î�GeËIÎ�<?@¢Ô.GsÐ.ÖAÉ�GsÐ¢G4HI<=É�Ê�Î�@
Ìa<?Ô�Ê"ê�Ê�HIÑAÎ�â¢÷�Ê,$��*Ê"ÌaËIG�HUÌ 
 ����C

-3<?ÌaË�<=Ó�Ë[>AÊ"Ø�É�G?Ì[Ì[Î�Ø^G�ÉFî1î�G=ÚAHIÎ£ÌaËIG=HIÌ�Ë[>QG�Ë,>QGsÒ=Ê$ÑFÊ�Ê^@�<?ÑQÌ[Ê�HIÒ=Ê^Ï¢Ì[>A<eÍùE �ùÓ�ÚQ@QÏAGeß
Ô�Ê^@gËIG�É£Ê^Ô�Î�ÌIÌaÎ�<=@�á�Î�@�Ø�<=@gË[HUG=ÌaËSËI<:E �ù<eÒ?Ê�H[Ë[<?@AÊ�Ê^Ô�Î�ÌIÌaÎ�<=@�ágÍ,>AÎ�ØU>�Î�Ì5Ï`Ê�ËIÊ^Ø�Ë[Ê^Ï�Î�@�Ò=Ê^H[Ð
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Ó�Ê�Í¾E*î,î$B`Ì^Ceî5>AÎ�Ì+ÏAÎ�è£Ê�HIÊ�@QØ�Ê�Î�@�ÏAÊ�Ë[ÊNØMËIÎ�<?@/Ó�HIÊ^ògÚAÊ^@QØ�Ð´HIÊ�õQÊNØMËIÌ�ËI>AÊ�Ô.<?H[Ê�Ê�ä�Ë[HIÊ�Ô.Ê5Ø�<=@Aß
Ï`Î�ËIÎ�<?@QÌ,ð�>QÎ�â?>AÊ�H+Ë[Ê^Ô.Ö
Ê^HIG�Ë[ÚAHIÊ^Ì+G�@QÏ�Ø�<?É�ÚQÔ�@�Ï`Ê�@
ÌaÎ�Ë[Î�Ê^ÌUñ�H[ÊNò?ÚQÎ�HIÊ^Ï4Ë[<�ÖAH[<`Ï`Ú
Ø�Ê*<eÒ=Ê�H[Ë[<?@AÊ
Ê�Ô.Î�ÌIÌ[Î�<?@�C�î5>AÊ,Ï`Ê�HIÎ�Ò=Ê^Ï�Ê�äAØ�Î�ËUGeË[Î�<=@�Ë[Ê^Ô.Ö
Ê^HIG�Ë[ÚAHIÊ^Ì�G�HIÊ5Î�@�Ë[>QÊ,HIG=@Aâ=Ê*<�Ó �=ç=ç�ßIæ��=ç?ç �.CeåV@
ÌYËUG�HUÌ5Î�@�Í,>AÎ�ØU>ÆE � <eÒ=Ê^HaËI<=@AÊ�Ê�Ô.Î�Ì[Ì[Î�<=@�Î�Ì,G=É�Ì[<.ÖAHIÊ^Ì[Ê�@gË^á`>A<eÍ*Ê�Ò?Ê�HNágË[>AÊ"ËIÊ�Ô.ÖFÊ�HUGeË[ÚQH[ÊNÌ
G�HIÊ  �?ç=ç=ç �.á£Ø�<=@QÌ[Î�ÌYËIÊ�@gË�Í,Î�Ë[>�G�@QG=É�Ð`Ì[Ê^Ì�<�Ó�ËI>AÊ.<eÒ=Ê�H[Ë[<?@AÊ4Ê^Ô�Î�ÌIÌaÎ�<=@�C£î5>AÊ.ÌYËIH[Ê^@Aâ�ËI>
<�ÓFË[>AÊ�E �¡Ó�ÚA@QÏQG�Ô.Ê�@gËIG=ÉAÊ�Ô.Î�Ì[Ì[Î�<=@3ð�G=@QÏ�Ê�äAØ�Î�ËIG�Ë[Î�<=@�Ë[Ê^Ô�ÖFÊ�HUGeËIÚAHIÊ=áeËI<4G´É�ÊNÌ[Ì[Ê�H�Ê�ä�Ë[Ê�@gËMñ
Î�Ì*Ø�<?H[HIÊ�É�GeËIÊ^Ï.Í,Î�Ë[>�Î�@QÏ`Î�Ø�G�Ë[<?HIÌS<�ÓDË[>QÊ�G?Ø�Ø�HIÊ�ËIÎ�<?@¢HIG�Ë[Ê?Cg÷�Ì[Ì[ÚAÔ.Î�@Qâ �´Ê�ÖQÉ�Ê^H[Î�G�@¢HI<�ËUGeË[Î�<=@ á
Ë[>AÊ$É�Î�@AÊ$ÖAHI<�ôQÉ�Ê^Ì�HIÊ^ògÚAÎ�HIÊ5Ë[>QG�Ë!Ë[>AÊ�E �1Ê�Ô.Î�Ì[Ì[Î�<=@.Ê�ä�Ë[Ê^@QÏAÌS<eÒ=Ê�H�G´É�G�HIâ=Ê5HUG�@Aâ?Ê5Î�@¢HUG=Ï`Î�Î�á
Ó�H[<?Ô öïçQC ç ��÷,ø ËI<¢GeË$É�Ê^G=ÌaË"æ"÷,ø Ó�H[<?ÔóË[>AÊ4ÌaËIG=H^C

E �2Ó�ÚA@QÏAG=Ô.Ê�@gËIG=É+Ê^Ô.Î�ÌIÌaÎ�<=@×Î�@oE*î,î$B`Ì�Î�Ì´<=ÑQÌ[Ê�HIÒ=ÊNÏ�Ó�H[<?Ô ÌaÎ�@Aâ?É�Ê.ÌYËUG�HUÌ�áFÍ,Î�Ï`Ê.ÑAÎ�ß
@QG�HIÎ�ÊNÌ�á`G=@QÏ�Ì[Ö
ÊNØMËIH[<gÌ[Ø�<=ÖAÎ�Ø�ÑQÎ�@QG=H[Î�Ê^Ì 
�æ^çQá���� ��C?åV@�Ì[Î�@Aâ?É�Ê"ÌaËIG=HIÌ*G�@QÏ�Í,Î�Ï`Ê´ÑAÎ�@
G�HIÎ�ÊNÌ�ágË[>QÊ
Ê�Ô.Î�ÌIÌ[Î�<?@:Î�Ì*É�Î�Ù?Ê�É�Ð.Ë[<.G�HIÎ�Ì[Ê$Ó�HI<=ÔóG�>AÊ^G�Ë[ÊNÏ:ÚAÖAÖFÊ�H,G�Ë[Ô.<?Ì[ÖA>AÊ^H[Ê�<�Ó�ËI>AÊ´<=Ö`ËIÎ�Ø^G�É�É�Ð�Ë[>QÎ�ØUÙ
G=Ø�Ø�H[Ê�Ë[Î�<=@�Ï`Î�ÌaÙ£C î5>QÊ�ÌaÎ�@Aâ?É�Ê:ÌaËIG=H ��� ����î�G=Ú�>QG=Ì4ÖAH[<?Ö
Ê^HaËIÎ�ÊNÌ´Ë[>
GeË�G=H[Ê.Î�@?ËIÊ�HIÔ.Ê^Ï`Î�GeËIÊ
Ñ
Ê�ËYÍ�Ê^Ê�@�G.E*î,î$B:G=@QÏ�G/Í�ÊNG�Ùgß�É�Î�@AÊ�î1î+G�ÚAHIÎ£ÌYËUG�HNá?Í,Î�Ë[>�G�@:Î�@`Ó�HUG�HIÊ^Ï:Ì[ÖFÊ^ØMËIHIG=É
Ê^@AÊ�HIâ=Ð
Ï`Î�ÌaË[HIÎ�ÑAÚ`Ë[Î�<=@×Ë[>
GeË"Î�@
Ï`Î�Ø^GeËIÊ^Ì�Ë[>AÊ¢Ï`Î�Ì[ÙÛ>QG=Ì´G=@×<?Ö`Ë[Î�Ø�G=É�É�Ðgß±ËI>AÎ�@×Î�@Q@AÊ�H">A<?É�Ê?C *×ÊNG�Ù×E �
Ê�Ô.Î�ÌIÌ[Î�<?@�Î�Ì�ÏAÊ�Ë[ÊNØMËIÊ^Ï�Í,Î�Ë[>3Ò=Ê^É�<`Ø�Î�ËYÐ�Í,Î�Ï�ËI>QÌ,ËI>QGeË�ÖAÉ�G=Ø�Ê´ËI>AÊ4âgG=Ì,Í,Î�Ë[>AÎ�@�Ë[>QÊ4>A<=É�Ê=C
åV@
Ë[>AÊ:Ì[Ö
ÊNØMËIH[<gÌ[Ø�<=ÖAÎ�Ø/ÑQÎ�@QG=H[Ðoð�B��,ñ4E*î,î$B`Ì^á£Ë[Î�ÏAG�ÉSÏAÎ�Ì[H[ÚQÖ`Ë[Î�<=@(<�Ó�Ë[>AÊ:G?Ø�Ø�HIÊ�ËIÎ�<?@×Ï`Î�Ì[ÙÛÎ�Ì
Ê�ä`Ö
ÊNØMËIÊ^Ï�Ë[<(ÖAH[<`Ï`Ú
Ø�Ê�GÆâgG�ÖÝG�Ë�HUG=ÏAÎ�Î,Ø�Ê^@gË[Ê�HIÊ^Ï�<=@�Ë[>AÊ3ÌaË[Ê�É�É�G�H.ÌaÊ^ÖQG�HUGeËIÎ�<?@�C�åV@ÝË[>QÊ
ËYÍ�<�Ìa>Q<=H[Ëaß�Ö
Ê^H[Î�<`ÏÆB��5Ì�Ë[>QG�Ë�>QGsÒ?Ê/ÑFÊ�Ê^@(ÌaË[ÚQÏAÎ�ÊNÏDá£Ë[>AÊ:E �ëÊ^Ô�Î�ÌIÌaÎ�<=@×ÖAH[<=ôQÉ�Ê^Ì�H[ÊNò?ÚQÎ�HIÊ
Ë[>QG�Ë�ËI>AÊ�Ê^Ô.Î�Ë[Ë[Î�@Aâ�âgG=ÌSH[ÊNÌaÎ�Ï`Ê^Ì�Î�@¢Ë[>AÊ�â?G=Ö:Î�@:Ë[>QÊ�G?Ø�Ø�HIÊ�ËIÎ�<?@:Ï`Î�ÌaÙ£ágÎ±C Ê=C�ágË[>AÊ�â?G=Ö:Î�Ì�@A<=Ë
Ë[<�ËUG�É�É�ÐÆÊ�Ô.Ö`ËYÐÛ<=Ó�Ô¢GeËIÊ�HIÎ�G=É±C ��@×Ë[>AÊ¢<=Ë[>AÊ^H">QG�@QÏ�á£Ë[>AÊ�E � Ê^Ô.Î�ÌIÌaÎ�<=@(ÖAHI<�ôQÉ�Ê�Î�@�ã *
��H[Î�á�GÆÉ�<?@Aâ�ß�Ö
Ê^H[Î�<`ÏoB���á�Î�@QÏ`Î�Ø�G�Ë[ÊNÌ/G ��, 0��:<=Ó$Ê�Ô.Î�Ì[Ì[Î�<?@oGeË�HIG?Ï`Î�Î�@AÊ^G=H4ËI>AÊ�Ê�ä`Ö
ÊNØMË[ÊNÏ
Ï`Î�Ì[ÙÆâgG�Ö�C�ê�Ê�@QØ�Ê=á+E � Ó�ÚA@QÏAG=Ô.Ê�@gËIG=É�Ê�Ô.Î�Ì[Ì[Î�<?@×Ô¢GsÐÛÑFÊ¢ÖAHI<`Ï`ÚQØ�ÊNÏ×Ó�H[<?Ô Ï`Î�ÌaÙ(GeË[Ô.<=ß
ÌaÖA>QÊ�HIÊ^Ì^áAâ?G=ÖQÌ�áAG=@QÏ�>A<=É�Ê^Ì$ÚA@QÏ`Ê^H�Ï`Î�èFÊ^H[Ê^@?Ë�Ø�Î�HIØ�ÚAÔ¢ÌYËUG�@QØ�Ê^Ì^áAG�@QÏ�ÖAHI<eÒ�Î�Ï`ÊNÌ,G.ÖAHI<=ÑFÊ"<�Ó
Ë[>AÊ4ÌaË[HIÚQØMËIÚAHIÊ�<=Ó�ËI>AÊ"Î�@A@AÊ�H$ÏAÎ�Ì[Ù£C

î5>AÊ�Î�@A@AÊ^H[Ô.<?ÌaË�HUG=ÏAÎ�ÚQÌSÓ�<=H$E �ùÊ�Ô.Î�Ì[Ì[Î�<=@:Î�@�E*î,î$B`Ì*Î�ÌS<?@AÊ�<=Ó�Ë[>QÊ�Ô.<=HIÊ�Î�@gË[Ê^H[ÊNÌYË[ß
Î�@Aâ�HIÊ^Ì[ÚAÉ�ËUÌ�Ó�H[<?Ô <=ÑQÌ[Ê�HIÒeGeËIÎ�<?@QÌ�<=Ó�Ë[>QÊ�Ó�ÚQ@QÏAG�Ô.Ê^@?ËUG�É!ÑQG=@QÏDCDå�Ó�Ë[>AÊ¢ÌaË[Ê�É�É�G�H�Ô.G?Ì[Ì´G=@QÏ
ÌaÐ`ÌaË[Ê�Ô Î�@QØ�É�Î�@QGeËIÎ�<?@�G=H[Ê�Ù�@A<eÍ,@�áNË[>AÊ^@/ËI>AÊ5Ô¢Geä`Î�Ô�ÚAÔ <=Ñ
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